Abstract-Site attenuation is a measure of performance of an open test site at frequencies below about 1 GHz. These sites typically consist of a large obstruction-free ground plane and the hemisphere above it. Calculations of site attenuation are presented which provide a reference for measurements made on a 30-by 60-m wire-mesh ground screen.
Site attenuation is defined as the minimum relative insertion loss measured between the terminals of two polarization-matched antennas located on the test site when one antenna is moved vertically over a specified height range. The following parameters must also be specified: separation distance mutual impedance between it and its image in ground. Input impedance of the receiving dipole is calculated in the same way, and used with Z21 and Z23 to calculate the received power. The impedance of the transmitting dipole is assumed to be unaffected by the current in the finite load impedance of the receiving dipole. Relative insertion loss is the ratio of the power delivered to the transmitting dipole terminals to the power received at the receiving dipole terminals and is a positive quantity. Site attenuation is the minimum insertion loss occurring when the receiving dipole is scanned in height. The height-scan patterns in Fig. 2 show calculated insertion loss for horizontally polarized (HP) and vertically polarized (VP) dipoles with a 3-m separation distance. The transmitting dipole is 2 m above perfectly conducting ground. Site attenuation is the single minimum value of each pattern. Fig. 3 shows site attenuation versus frequency for horizontal-separation distances (S) of 1, 10, and 30 m. Heights scanned are 1-4 m at the 3-and 10-m separation distances and 2-6 m at the 30-m separation distance, except for vertical polarization when the half-length of the receiving dipole would touch the ground. The lower tip of the VP dipole is always positioned at 5 cm, or more, above the ground.
Calculated site attenuation provides an ideal reference. Deviations of measured data from the reference indicate site imperfections.
III. MEASUREMENTS   Fig. 4 shows the measurement procedure used for determining site attenuation. The reference relative insertion loss, shown in Fig. 4(a) , is a received signal level, expressed in dBm, dependent upon the output level of the signal generator and balun, cable, and attenuator losses. The output level remains fixed during the measurement procedure and is somewhat arbitrary. It is less than the maximum level acceptable by the receiver, but great enough so the signal level in Fig. 4(b) The stability of the receiver, signal generator, hybrid junctions, and cable combination is determined by the repeatability of the reference insertion-loss measurements (Fig. 4(a) ) performed before and after each subset of measurements. (The three subsets of the manufacturer's specified "cumulative fidelity" for the receiver (spectrum analyzer) of " < ± 1.0 dB over 0 to 80-dB display, 20-30°C." Therefore a simple worst-case error estimate is (±0.09 ±0.11 ±1.0) <.±1.2dB.
The statistics of the measured data imply that the uncertainty may be less than half of this worst-case estimate if it is assumed that the calculated data are correct. The average difference between the measured and calculated (calculated -measured, decibel) data for horizontal polarization is -0.2 dB with a standard deviation of 0.4 dB calculated using the decibel values.
The data for the single measurement set upon which this paper is based are shown in Table I . This was the first set of data measured after the preliminary set used to determine the suitability of the various test components. Failure of the air-supported fabric cover over the NBS ground screen facility has temporarily halted further measurements.
The greatest difference between measured and calculated site attenuation is 1.02 dB for horizontal polarization, where the effect of feed-cable reflections is negligible, and 1.94 dB for vertical polarization.
V. CONCLUSIONS The agreement between measured and calculated site attenuation data is good, even for vertical polarization. The agreement for vertical polarization is believed to result from the use of commercial hybrid junctions as dipole-antenna baluns. These devices split the Eport power 1800 ± 10 at the 1 and 2 ports. Little or no unbalanced (common-mode) current flows on the feed cables and produces unwanted radiation.
Implementation of the deceptively simple mutual-impedance equations is actually a fairly straightforward computer-programming exercise. To relieve interested readers of this exercise, the author will provide a 400-line listing of the FORTRAN 4 code used to calculate site attenuation. No claim is made for the efficiency or structure of the code, nor for its accuracy beyond the comparison of measured and calculated results presented here.
The actual measurement technique is certainly not new. It is basically a "two-identical-antenna" gain measurement that stops short of the last step, subtracting the path loss and mismatch loss from the measured data to obtain the product of the gain of two identical antennas over ground.
